Abstract -Aims: Scientific literature suggests a large number of symptoms that may be present the day after excessive alcohol consumption. The purpose of this study was to explore the presence and severity of hangover symptoms, and determine their interrelationship. Methods: A survey was conducted among n = 1410 Dutch students examining their drinking behavior and latest alcohol hangover. The severity of 47 presumed hangover symptoms were scored on a 10-point scale ranging from 0 (absent) to 10 (maximal). Factor analysis was conducted to summarize the data into groups of associated symptoms that contribute significantly to the alcohol hangover and symptoms that do not. Results: About half of the participants (56.1%, n = 791) reported having had a hangover during the past month. Most commonly reported and most severe hangover symptoms were fatigue (95.5%) and thirst (89.1%). Factor analysis revealed 11 factors that together account for 62% of variance. The most prominent factor 'drowsiness' (explained variance 28.8%) included symptoms such as drowsiness, fatigue, sleepiness and weakness. The second factor 'cognitive problems' (explained variance 5.9%) included symptoms such as reduced alertness, memory and concentration problems. Other factors, including the factor 'disturbed water balance' comprising frequently reported symptoms such as 'dry mouth' and 'thirst', contributed much less to the overall hangover (explained variance <5%). Conclusion: Drowsiness and impaired cognitive functioning are the two dominant features of alcohol hangover.
INTRODUCTION
The morning after a night of excessive drinking, many people wake up with a familiar but unpleasant feeling. The symptoms experienced during this post-intoxication state are caused by the alcohol hangover, which develops when blood alcohol concentrations return to zero (Verster et al., 2010) . The feeling of general misery can persist up to 24 h and can significantly affect the planned activities and cognitive functioning (Stephens et al., 2008; Ling et al., 2010) . While the majority of people are familiar with this phenomenon,~28% of drinkers report never having a hangover (Howland et al., 2008a,b) . At present, no theoretical model accounts for the pathology of alcohol hangover . This lack of knowledge is reflected by our limited ability to accurately define the alcohol hangover, its vital symptoms and how they are interrelated. The lack of scientific interest in the pathology of alcohol hangover is remarkable, since its socioeconomic consequences are much higher when compared with various common diseases and health risk factors (Wiese et al., 2000; Lopez et al., 2006) .
To increase our knowledge about the phenomenon of alcohol hangover, it is important to determine which symptoms are experienced during the hangover state, their severity and how these symptoms are interrelated.
Up to now, only a small number of studies has systematically examined the frequency and severity of (some) hangover symptoms (Slustke et al., 2003; Rohsenow et al., 2007; Howland et al., 2008a,b) . Other studies experimentally induced hangovers and reviewed the effects on the human body. In a social environment, Chapman (1970) administered bourbon and vodka to induce hangovers in volunteers. Subjects were asked to report on 11 predetermined symptoms, i.e. thirst, fatigue, drowsiness, trouble sleeping, general malaise, dizziness, loss of appetite, nausea, headache, depression and anxiety. All symptoms were reported by one or more subjects, but their severity was not rated (Chapman, 1970) . Ylikahri et al. (1974) also induced hangover in healthy volunteers. Subjects rated a number of predetermined symptoms, and an overall hangover severity score was computed. The authors reported that nausea, fatigue, thirst and tension correlated best with the overall hangover severity (Ylikahri et al., 1974) . Rohsenow et al. (2007) combined the symptoms mentioned in the studies of Chapman and Ylikhari to compose a new list of symptoms, the Acute Hangover Scale. They induced hangover in marine cadets. Although all symptoms of the list were experienced, they differed in severity. Thirst scored the highest on severity, where heart racing was on average experienced as being the least severe.
In their review, Swift and Davidson (1998) distinguished eight groups of symptoms that were reported during alcohol hangover. The symptoms were categorized according to their assumed common biological relationship and include constitutional, pain, gastrointestinal, sleep and biological rhythms, sensory, cognitive, mood and sympathetic hyperactivity. On theoretical grounds, Swift and Davidson (1998) proposed that symptoms that are caused by the same mechanism are interrelated. Hence, tremor and sweating were categorized in the same category (i.e. symptoms caused by sympathetic hyperactivity) as cardiovascular effects. On first sight, this results in a plausible categorization. The categorization was however not derived from data.
Nevertheless, Slustke et al. (2003) selected the items for their hangover scale solely based on the symptoms mentioned by Swift and Davidson. Therefore, it is unsure if the Hangover Symptom Scale adequately reflects the core symptoms of the alcohol hangover. Also, a number of symptoms that have been listed by various researches (including Swift and Davidson, 1998; Slustke et al., 2003) are being criticized as representing states of withdrawal or acute alcohol intoxication effects (Verster et al., 2010) . For example, trouble sleeping/insomnia should not be considered as a hangover symptom because it is experienced before the hangover occurs. Furthermore, the Acute Hangover Scale (Rohsenow et al., 2007) was based on the results of experimental studies, and was not designed, nor aimed to be comprehensive. It is therefore likely that it misses symptoms that should be assessed to conduct a comprehensive factor analysis.
An extensive literature search (including PubMed/ Medline, Embase, Psychinfo and cross-references) yielded 47 presumed hangover symptoms. It was evident from the literature search that some of the symptoms seem to occur much more frequently than others (e.g. frequent reports of drowsiness versus rare symptoms such as suicidal thoughts). Also, the impact on daily activities differs significantly between symptoms (e.g. dry mouth has no significant impact on performance, while headache or dizziness can be very impairing). The purpose of the present survey was to explore the presence and severity of all alcohol hangover symptoms mentioned in the literature and determine how they are interrelated.
MATERIALS AND METHODS
Dutch students were approached on different locations of Utrecht University, and asked to complete a survey. The survey comprised questions about their drinking habits, and, if applicable, the symptoms they experienced during their latest hangover. Hangover symptoms included in this survey were chosen because they had been mentioned in the previous literature, experimental and survey studies that examined alcohol hangover. Participants rated the severity of 47 symptoms on a 10-point scale ranging from 0 (absent) to 10 (maximal).
Participants who agreed to take part, completed the survey on the location where they were approached, such as the campuses, colleges and the library. There was no recruitment rate recorded; however, the vast majority was willing to cooperate. Students were not compensated for their participation. The Institutional Review Board reviewed the protocol. No medical ethics committee approval was needed for conducting the anonymous survey.
Data from those subjects aged 18-30 were used for the statistical analyses. Statistical analyses were conducted with SPSS, version 19. Mean score and standard deviation (SD) was computed for each hangover symptom, and the sum of the 47 items was computed to generate an overall hangover score. A principal component factor analysis was conducted, applying an orthogonal rotation (Varimax with Kaizer Normalization) to check for interrelation between the items. Mean scores were computed for each factor and correlated with the overall hangover score. Cronbach's alpha was computed to establish the reliability of each factor.
RESULTS
A total of 1410 participants completed the questionnaire, of which 56.1% (n = 791, 31.3% men and 68.7% women) had experienced at least one hangover during the last month. Their mean (SD) age was 20.1 (2.1) years; on average, they consume 17.0 (14.8) alcoholic drinks per week and experience 2.5 (2.3) hangovers per month. There was a significant correlation between the number of alcoholic drinks consumed per week and number of hangovers experienced per month (r = 0.688, P = 0.0001). Data from these participants were included in the statistical analyses. The evening before their latest hangover they consumed 10.6 (5.9) alcoholic consumptions, followed by 6.4 (2.0) h of sleep. The frequency and severity of hangover symptoms experienced the following day are summarized in Table 1 .
It is evident from Table 1 that most hangover symptoms that were mentioned in the literature are commonly experienced, but only about a quarter of these symptoms were reported by >75% of subjects. Also, the severity of most symptoms was mild-to-moderate, with mean scores <5 (out of 10). There was a small but significant relationship between the number of alcoholic drinks consumed the evening before the hangover day and the overall hangover severity (r = 0.25, P = 0.0001). Severity was scored on a 10-point scale ranging from 0 (absent) to 10 (extreme).
Factor analysis revealed 11 factors that together account for 62% of variance (R 2 ). The factors and the loading of each symptom are summarized in Table 2 .
The most prominent factor 'drowsiness' (R 2 = 28.8%) included symptoms such as drowsiness, fatigue, sleepiness and weakness. The second factor 'cognitive problems' (R 2 = 5.9%) included symptoms such as reduced alertness, memory and concentration problems. In contrast, other factors, including the factor 'disturbed water balance' comprising frequently reported symptoms such as 'dry mouth' and 'thirst', contributed much less to the overall hangover (R 2 <5%). Table 3 shows that the scores on all factors correlate significantly with the overall hangover score. Also, Cronbach's alpha of most scales was acceptable (>0.70). DISCUSSION This is the first attempt to categorize reported hangover symptoms into groups of symptoms that are associated with each other. The results show that drowsiness and reduced cognitive functioning are the most prominent factors determining overall hangover severity. Our findings further show that not all frequently reported symptoms that are related to excessive alcohol consumption contribute equally to alcohol hangover. In fact, some symptoms such as dry mouth and thirst seem related to other consequences of excessive alcohol consumption such as dehydration. Rohsenow et al. (2007) also found being tired (fatigue) and thirsty as most severe hangover symptoms, although in opposite order of the results of this survey. This is remarkable, since it has been suggested that these symptoms are primarily the result of sleep deprivation and dehydration, respectively (Verster et al., 2010 ). Yet, Rohsenow et al. (2007) controlled for sleep and liquid intake on the alcohol and placebo nights. These effects and their differential cause supports the notion by Ylikahri et al. (1974) that the alcohol hangover does not have a single cause that leads to one condition, but should be viewed as a syndrome. In other words, multiple physiological, metabolic and neuroimmunological effects are provoked by alcohol consumption that together sum up to the total hangover experience. Ylikahri et al. (1974) showed that nausea, fatigue, thirst and tension correlated best with the overall hangover severity. In our study, thirst, fatigue and nausea were also listed in the top 10 of most frequently reported hangover symptoms. Yilkhari et al. showed that subjectively experienced symptoms had a high degree of correlation with total hangover score and therefore can be used as a measurement of hangover. However, they further showed that signs such as tremor (objectively observed by the researcher) also showed good correlation with a total hangover score. Therefore, it can be discussed whether only symptoms or only signs should be used as a measurement for alcohol hangover severity or that combining signs and symptoms is the best way to express alcohol hangover (Ylikahri et al., 1974) . The current study was limited to self-reported symptoms. A controlled study is required to determine whether additional signs are present during the hangover state that are not readily experienced as symptoms (e.g. a small increase in blood pressure) and therefore not self-reported.
When compared with the categorization of Swift and Davidson (1998) , our factor analysis showed some different factor composition, but also some similarity. The most prominent factors, drowsiness and cognitive problems, were also proposed by Swift and Davidson. Some symptoms however should, according to our analysis, contribute to a different factor. For example, thirst should not be placed in the constitutional/drowsiness category, but in a factor labeled 'disturbed water balance'.
A limitation of this research is that data were collected retrospectively, and thus recall bias may have played a role. On the other hand, a listing of 47 symptoms was presented to the participants aiding recall and facilitating a decision as to whether or not they experienced particular symptoms. The fact that our sample was a convenience sample is not a limitation in research that aims to establish associations between symptoms.
The categorization into 11 factors explains 62% of the variance, which means that 38% is still unexplained. This relatively large portion of unexplained variance is not surprising since the pathology of alcohol hangover has not been established . Moreover, various factors in addition to alcohol may influence hangover severity. Future research should focus on these factors, including but not limited to, congeners, physical activity (e.g. dancing), smoking and drug use, and personality (Verster et al., 2010) .
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